CLAIMS 

Whik \be iPvci^tionUa- b^cn dc6v.r]b<?(l ^vilh rcierencc lo pi^nuikiv exanipk 
• embodijTKJins, fuither modiikations and improvemer:ts which wil occur to ihose 
skilled U5 ihe art mci^' be made •wkliin the purview of the appended claims, wlthoul 
dcpuHi K\ n-oni xhc -c^jpo < >i the uiuovi in as brociCLr aspect 
N unjej Jt? modux-.no.^ < % afiHt^^J th. pio^cnt ^ - > i^-. ^' D^-ss^bie m Imb of 
the above teachings, it is tbsretbrc to be understood tbai within ^he scope of the 
appended claims, the invermon may be practiced oiherwise than as specifically 
described herein. 



"Mitit is claimed is: 

.1. A digital phase detecxon whefe.in the digital phase detector comprises; 
a frame nieasureBjent coimgurati;on for counting the first signal clock daring every 
frame of a second signal and for buffering the counted value imtil it is read by a phase 
processing unit. 

2. A digital phase detector as claimed in claim I, wherein; 
a nomJnal number of fii-st signal clocks which corresponds io a zero phase skew 
between the first sigrjal and the second signal, is s-ubtracted from the counted number of 
the first signal clocks, m order to calculate aii approximate frame skew, 

.3. A digicfi! phase detector as claimed ix'. claim 1 , wherein; 

a number of first signal clocks which equals to zero mimis the nominal number of .first 
signal clocks, is preset in a coujiter of the fksi signal clock before the -firsE clock 
counting for everj' second signal frame. 

4. .A dig.ital phase detector as claimed in claim 1, further comprising: 

a phase capture register tor capturing a state of outputs of serially connected gates 
which the first signal clock is propagated tlirough, at the leading edge of the second 
signal itaine. 

5. A digital phase detector as claimed h\ claim 1 , frirther comprising: 

a phase capture reguster for capturing a rise of the .s^econd signal frame by multiple 
oi.upuis (.ifscriaiiy connected gates which the fir^^L iifiucu cU>ck 'is propagated tlirongh. 

o A .bcital phtUsc det. ct.>r e< c'ainu-'i ir c\iim i, ruiih>,i conpsi^inp 
a pbijscr capfu^e ru^'i ;-c-r Ar ^'apronng a rate of ouip ois of serjaPy cfM^ncotcc j:aK\s 
which the second signal frame is propagated through, by ihe leading edge of tlie first 
■ signs cMlEv- 

7, A digital phase detector as claixr.ed iri claim 1 , tbxiher coinprising: 

a p^l^^. c^.uai-e ogisu-i tV oaot^'.f ug ^ t;se i> "f-se irsi sigual ( 'ocl. by ma t^plc outp^it-> 

of serially connected gates which the second signal frame is propagated tbrougli. 



R, A djgiiai phase deteciov as claxm^xi In claio^ 4 or in clahn 5 or m claim 6 or in claim 
7, wherem the digital ph.ase. detecior comprises: 

an (ypsn ended iine of sedally connected componants wMch are used as the serially 
coimscted gafes, 

9, A digital phase detector as dairoed in claim 4 or in claim 5 or m claim 6 or in claixn 
1, wh&T^m the digital phase detector coinprises; 

a ring oscillator which gates are used as the serially connected gates. 

1 0, A digital phase detector as claimed ii^ claim 4 ox m claim 5 or in claim 6 or in claim 

'phase detector comprises; ' ; , ; . . ,.: 

a delay locked loop which gates are used as the serially connected gates. 

1 1. A digital phase detector as claimed iii claim 1, the digital phase deioeior 
comprising: 

a first phase couiiter buffer ix>r countiug t^rsi signal clocks dimng every odd cycle of the 
.second signal fi-aine, and for buffering the counted clocks number d;.?; irjg c\'cn? 
fbliowing even cycle of the second signal fraxne; 

a second phase compter buffer for counting first signal clocks durioi;, e\ cry .;.-ven cycle of 
the second signal frame, and for bjffering the counted clocks number dm-ing every 
following odd cycle of tiie second frame. 

12. A digital phase detector as claimed in claim 1 1, wherein the digital phase detector 
comprises; 

a detector tim.ing circuit for controlling the counting and the buffering functions of the 
first and the second phase coimter buffers, 

13, A d)ji;i.:i oo detecior as claia^ed in ohi^ui 1 1 , wherein said detector timing circuit 
hnther cc^rfiprl ;-c>: 

detection of a hegimiing of a cycle of ilie second sigvtal frame; 
switching the counter 'buffers inio the co-inting and buffering operadons; 
requesting the phase processing unit to ?ead Utc buffered count numbers; 

14. A digital pha.se d^tcoior a^- cbion.xl ui clavnj i i „ wlKncn' 

the first counter buffer is reset after it^j content Is read by a phase processing -unit; 
the second coimter buffer is reset after its content Is read by the phase processing un.it 

15. A digital phase detector as claimed In claim 14, wherein: 

the nomdnal number of first signal clocks wliich con-esponds m a zero p.haae skew 
between the tlrst signal and the second signal is subtracted by the phase processing unit 
fi-om the read coittent of any counter buffer. 

16, A digital phase detector ascia.i;ned ii: elaiiV: \ ). wivjtvro: 

the first counter buffer is preset to zero niinus the nominal number of first signal clocks, 



ifc iis coaiciit is read by the nhar^e processing aniv; 

ihe second cotiiiter buffer Is pteset to zero miv.v:.is the nommai 5sumber of lirsi- siguai 

clocks, after its content is read by the phase processing unit. 

said firsi: clock counting is enabled by openiag a logical gaie ^^tsich controls an 
application of the first clock, to cooiiter's clocking input; 
said first clock coundng is disabled by closing a logical gate which controls an 
applicarion of the first clock to counter's clocking input, 

1 8. A digital phase detector as claimed m claim 4 or in claim 5 or in claim 6 or in claim 
7, vviiereiiK 

a conterxt of the phase captiu'c register is used to calculate a phase skew difference 
betv,ct'i^h.- Uis: u-r o^'ibc luv <:ien&i<. ock 6\ Jihc hr--,nnr^:-tf a icxn -scc-nN-i jl^aidl 
tVarnc; 

a content of the phase capture register is used to calculate a remaining phase ske\v 
between the beginning of a new second signal frame and ihe first rise of the tli-st signal 

1 9. A digiiai phase dctecfer as claimed in claim 1 8, wberenn 

the phase skew difference is added to the present measurement of a phase skew 
between the first signid and the second signal, wherein the present measurement applies 
to the present frame period of the second signal; 

ih-'. rc;!!,i;!:h:g ;ib;!-c ad,l;d to the next measuj-ement of a phase skew 

U.\ ^.'c-t :h s', N'-jn il o,iJ .-^coaJ Mgnal, wherein tlie next measnrement applies to 

ihe nexi u aiuc-jx^-iod of the second signal. 

20. A digital phase detector as claimed in claim IB, wherein: 

the remaining phase skew is calculated as equal to the first signal clock period minus 
the phase skew difference, 

21. A digital phase detector as claimed In claim IS, \vher^;iu; 

a content of the pha.sc caplurc regii^rcr Ks \-,sedi tu uiK^nkle iho coEsncd in^njhs.r of flr^l 
sun^.' clocks to ar .iciual nunibcj of lb si si> 5kd clocLs \\k'ob re^llx ocourrod during iho 
sc. coi^d signal fi-amo. 

22. A digital phase detector a? clainK^d claii-n 8» v-hcichi d)e digital phase detector 
comprises a calibration method of gates propagation delays, wherein: 
aimmbcrofilu ^cr<?b\ coi o-jc^ > v ^, s .op? c-sr\t,s number of half c>cie times 
of the first s,gi>a^ ci-'xv, L,ipr,u^.u a, ,f\ pha^o .^ip^uu reg^su- 

the number ol' half cycle limes of the first signal clock, is divided by the capiui-ed 
number. 



2.?, A digital phase detector m claimed in clain.^ 22, wherein ihc calibratlo.a method 

comprises:' 



a siau&ilcd av<;mainf> of a result of the calibr<iUon, in or<ier to elHVBuaie most ol a. 
granularity error caiised by capturing of an integer ^nd to reduce an error caused by a 

24, A dmkal phase detector as ckimed in daim 23, wherein the calibration method 

ss3ignins? bigher weights for the capiui ed number of gates, u the capt^tred nua^ber -s 
prodded by' serially comiected gates wbjch are located at tlie trout of the delay line; 
u,sing the welglued "cycle gate nurabers -for the statistical averaging of the calii^raiion 
result, 

25, A digital phase detecioi as claiii^ed in ciaim 4 or in claim 5 or in claini 6 or in daim 
7j wherein the digital phase detector comprises; 

a first pbase counter buffer for oormting first signal clocks during eveiy odd cycle of tfee 
secoad signal frsmt, and &r buffering the counted clocks nnniber during every 
■follo^^ing even cycle of the second signal frame: 

a second phase counter ^^uii. v foi t ..m. i^;ti> f ; .n., cl'x^ks dirriiig every e\en o>'olc of 
the second signal iVamc, and for buiieriDg the counted clocks number during every 
.tbllowing odd cycle of the second frarne, 

a detector tinnng circuit for switching the counting and the bniTering functions of the 
rii si ond ibe second phase counter buffer, 

26, A digital phase detector as claimed in ciaiai 25, wherein; 

the switching peribnned by the detector timing circuits is driven by the first signal 
clock and is ccnditiotied by a content of the phase capture register. 

27, A digiiai phase dctecLor as claimed in claim 25, wherein: 

the phase cai3iui-e register and some of the %>flops of tlxe deiector tin.uiig control, are 
reset oumide of a close time range which surrounds a rising edge of eveiy second signal 
frame, 

28, A digital phase detector as claixned in claim 25: wherein: 

If a nsmg edge of tl^e second signal frame encoiuiters a high level of the first signal 
clock, the second felling edge of the first signal clock will reverse the counting and tin:- 
buffering functions of the first and the second pbase counter buffer; 
if arising edge of the second signal fr^tue encounters a low level of the fust signal 
clock, the first falling edge of the first signal clock will reverse the counting and the 
bulrering functions of the first and the secov\d phase counter bufier, 

29, A digital phase detecior as claimed in claim 25, wherein the detector timing circuit 
con^prises a function switching flip-flop, wherein; 

tlic function switching flip4lop switched to 1 , inhibits couniirxg in the first comiter 
buffer and enable^; counting in the second counter buffer; 

ihQ Ixmction switching filp-tlop switched (o 0, inhibits counibig in the second coumer 
bulfer cmd ersables counting in the Orst cotrnter btiffer. 



30. A digital phase detector as claimed in clam. 1 1 . v,terein the digital ph&s^ detector 

a dSec^nS^ circuit for swiidiing the counting and the buying functions of the 
first aBd the secoud pha^e counier buffer. 

31. A digital phase detector as clai.med in chxim 30, vvhereinthe detector timing ciicnit 

%nhcr ix^mprise^^ a i\\ncuon switcbu^g flip-tlop, wha siii; 

the flii.cdon swiichiag flip-flop -^■uchca so 1 , inhibits countii^g in the first coi^nter 
buffer and enables counting; m the second comjler buikr: 

the nmctloxi switching flip-Hop switdied to 0, kmibiis counting in the second counier 
buffer and enables couBting in the first counter buffer. 

32. A digital phase detector as claimed in claim 3 1 , wherein the digital phase detector 
further comprises: 

a phase capture register for captming a state of outputs of senally eomi.ecred gates _ 
which tlie fnst signal dock is propagated tkough, at die leading edge ot the sscotja 
sigiiiaJj frame; _ ^ ^ . 

ar ope cnd^J '-v. o^'v .Oi>i'~..' v-upo <^ > -ul-^^ 

comiected gates, 

33. A digital phase detector as claimed in daim 3L xvhereinthe digital phase detector 
furtiier compri?!co- 

a phase capu^c u . ^ sc > .^i^.r xv, e ^ k <te o^^^ ^. ^ . cted gates 
w^tich tiie "first signal clock is propagated xkough, ^t the Leading edge of the second 
signal Itanae; 

a ring osciBat.or whkh gates are used as the serially cotmected gates. 

34. A .r;,;;.! r-i-.v .k^-.^-i- ? i-- uv:J daim 3k whOTeln \be -in hA i^as-.-. .loiector 
liu'tiier cornprises; 

a phase captvtre register for capturing a rise of the first signal dods by multiple outputs 
of serially com-iected gates which the second signal irarne is propagated through;^ 
an open ended line of serially connected components which are used as tbe .serial 
connected gates, 

35. A digital phase detector as daimed in daim 3 L x^djsrein the digital phase detector 
fiirthei comprises: 

;\ pha^r- CHPhife -o^>iMer tV^r c^r-iarjrt; a ^T<?ic oetputs o^' j^criall) connected ga?e# 
wiiid. >..;ee::vi fcf.o \ ^ ivcjoea.eo through, h> liic leuiing edg^ of iht riost 

<^igna! ciocl. 

an open ended line of serially connected components which are i^sed as the serially 
connected gates. 

30. A shgaal phase detector iis claimed m claim 31, ^^•herdn tbe digital phase detector 
fiirvher comprises: 



a phase capture register for capturing a rise of the second signal frame by mulUple 
outputs of seriali/coi^i^eaed gates wiiich \ht first signal dock is propagated through; 
an open ended Unc of s&nal i)- coDaecitiJ componsm which are iised as the penally 
coy.mect.ed gales. 

37. .A digital phase detector as claimed in claim 3 1 , wfeerein the digital phase detector 
n-rrhev coiiipri ses: 

a phase capture register idr capcuring a ri?;e of the second signal frame by multiple 
oirqrats of serially connected gates vAich the first, signal clock is propagated thi'ough; 
a niig oscilhitor which gates are used as the serially conixected gates, 

31:;. A digital piiasc detector as claimed in claim 32 or in claim 33 or in claim 34 or in 

dahu 35 oi m claim 3c or in claim 37, v^-hcrem; 

an approximaij. frame stow is eaU:uU-tcd as cqaal b^ the counicJ nnnibcr <jf clock cycles 
minus the nominal nutiiber of first signal clocks: 

a c<->nient of the phase capture register is used to calculate a phase skew diftererice 
between the last rise of the first signal clock and the begintiing of a new second signal 
.Ixame; 

a content of the phase capture register is used io calculate a renminmg phase skew 
between the beginning of a new second signal firame and the first rise of the first signal 

clock;:"' 

a high 'v-;oivn c -s o- - a-:uc< '^^^ 1 1 d:^^; the remaining phase skew of the 
previous, mi.^^.^vu^.ut -h. p t^-^e sL^ vv aM'i\,rci)ce of the present txseasurement; 
a high resolution frame skew is calculated by adding the approximate fi-arne skew to the 
high resolution extension, 

39. A digital phase detector as claimed in claim 32 or in ciaim33, wherein: 

bit 0 of the phase capture .register is set to 1, if arising edge of the second signal frame 
encounters a high level of the first signal clock; 

bit 1 of the phase capture register is set to 1, if a rising edge of the second signal frame 
encounters a low level of the first signal clock; 

if tlie bit 0 is set lo 1 . it enables a sscotid falling edge of the first signal clock to reverse 
the function sv/itcLiing .tlip-tlop: 

il >neb t J ts soiic 1, jte.M-lc^ a tlthi f.-ohrx; cJgeof fne first signal cock to revers*. ibe 
fcnciion switching .ilip-flop. 

40. A digital phase detector as claimed .v.c claim 34, wherein; 

bit 0 of the phase capture I'egister is set to 1, if a rising edge of the second signal hame 
encounters a hlgli level f^f the lir.st signal ck.ck; 

bit •■ I of the phase cq>Ki e f^egLstoi >e? tv-> 1 . if a using edge of ti>c 6C cotid signal sTamt,; 
encounters a lovv' level f.uhhe first signal clock; 

if the hit 0 is set lo i, it enables a second falling edge of the first signal clock to reverse 
the miction switching thp-flop; 

if the bit 1 is 1 it .;naMcM a first taUmg ed>.< of dte lifst signoii clu!.k to leverso 
the fmiction switching .fup-llop. 
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41. A digital phase detector as claimed in claim 35 or in ciaitn36 or in cimra 37, 

l^u -1 .nl the pbase capture registex is set to i, if a felH-ng edge of the- first signal ciock 
encounters a high level of the second signal fmme before a rising edge of ihe first signal 
■•■dQsksiiass; , - V:-^' ; ,, ■ 
bit 0 ui the phase capmre register is set l.o Ufa nsing edge of ihe first signal clock 
encv^uniers a high level oi the second signal frame betbre u Mling edge <5f the ihst 
si una! clock does; 

if the hii ~l is set to 1, it enables a second Miing edge of the first signal clock to reverse 
tbe iaoctioj^: s\vjtciurig flip-fiOp; 

if the bi( 0 j-s set to 1.. it enables a first failing edge of tbe fkst sig^ml ciock to reverse the 
iuftcuop. switching Oip-tlop, 



